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Results of an investigation on physical characteristics
of critical assemblies with zirconium hydride moderator
and 90% uranium enrichment are described. The critcal systems
with different reflectors and without were studied., The
measurements were fulfilled with assemblies of different re-
lative concentrations ( :Fﬂ y changed within a range
from 120 to 500. d
1l.Construction and materials of assemblies,
The physical assemblies with ZrH, and U-235 with or
without refiector were of a rectangular parallelepiped
form. The assemblies had a plane heterogenous structure,
fuel and moderator sheets being placed horizontally one by
one., The opportunities of change of core composition, as-
sembly dimensions, operating and safety systems were fore-
geen in construction., The assembly dimensions may be varied
from 200 x 200 mm2 to 500 x 600 mm2 with height up to 800 mm. .
Controlling rods moved in duralumin slits 10 x 100 mme,with
wall thickness of channel 1 mm., There were two plane rods —
of safety system, made of Cd, and one of steel for slow
compensating, used in experiments. Fig. 1 shows a general
view of the experimental arrangement.
The fuel elements of plane kind consist of a core and
a coating (1L). A core comprises a chemical mixture of CF,
and U,0g, with 90% uranium enrichment. A coating is made of ,
- CF2 film, The average dimensions of the fuel elements are -
100 x 100 x 0,5 mm>, with content of U30g 1.85 g and CFp
about 11,75 grams, The fuel elementswere put together in
— the operating magazines, constitution and number of them
— depending on the experiment.
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Two kinds of ZrH, moderator lumps were used in the
experiments. One was of rectangular parallelepiped form

50 x 50 x 10 mm> with density 4.84 g cm™” and atomic ratio

%; 1.86, Another was of a prism form with height 6 mm and

length 50 mm, density 4.95 g en™ and atomic ratio % = 1.91
T

The lumps of Be (100x50x10 mm3), Be0 (100x50x15 mm3)
and ZrH, were used as: reflectors.

2. Experimental results.

Two series of experiments with ZrHp systems were made,
The agsemblies with thick berillium reflectors were studied
first, the moderator lumps of rectangular parallelepiped
(atomic ratio § _ 1.86 ) being used., Characteristice of
the zs:.ssembliesZr and critical heights measured are given in
Table I {(see Fig. 2 also). The thicknesses of the two side
reflectors in assemblies N%s 3,4 and 5 were 150 mm, 100 mm
and 50 mm respectively, The thickness of two other ref-
lectors was constant and equal 150 mm. In Fig. 2 a criti-
cal height and a critical mass of U-235 are plotted agasinsi
the side reflector thickness. The conclusion follows: from
the curves, that a use of Be reflector thickness more than
120 ¢+ 159 mm is not reasonable for the similar assemblies,
In assemblies Nos 3 and 6 the concentratiom j;?_ was com-
stant and egual 280,

One fourth layer reactivity was measured for the sssem~
blies Nos 2 and 3. "Ons fourth layer" comprises fuel, mode-
rator and reflector in quantities 1 of full content of
these materials in the upper layer ofzan assembly. A reac-
tivity was measured by using the graduated compensating rode.
The results are summarized in Table 2.

& contribution of the upper face reflector (thickness
of Be 53 mm) to the reactivity was measured the pulse neut-
ron source being used and the result was found to be equal
0.0145 20,0057. The spatial neutron distribution in the re-
actor as a whole and in the cell was studied by In activa-
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tion method., The resulis far the assembly K® 1 are shown
in Pig.3. The thermal neutron distribution in ths fuel was
measured by registration of fission products, accumulated
in the fuel elementen
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Critical Parameters of Assemblies with Reflector

Phick- Dimen-

ness of sion

ZrHl-BG of
mm

Tempe-
U-23%, rature
kg oc

Number

881

elements
in.maga—
zine

¥® Core dimen- Thicknesa of

sions, mm Be reflec-
BN tor, mm

Ax Ay H Ax Aa

plane
cell,

m

Ay

15.8 1.456+0.018
~0.018
1.456+40.018
-0.018

1 312 202 548 150 150 53 5

2 312 202 548 150 150 - 5 15.8

1.623+0.020
-0.020

202 464 150 150

1,72240,022
-0.022

2,121+0.027
-0.027

1.917+0,024
-0,024

202 493 100 150

202 611 50 150

202 540 150 150

There is upper Be
reflector

K ¢ = 0.985;
subcriticality
measured by
pulse method
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Table 2

Ne H Cell characteristics "Weight" of
ag-

sem-: Number of Cell thick- Thickness of %-1ayer
bly :fuel ele~ ness, mm ZrH
: ments ’ m$.86 (fﬁf’l).ioz
Kets

17 10 0.23

34 20 0.31
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Critical Parameters of Assemblies without Reflector Table 3

Nos Core dimensions, Cell characteristics

as- cm Number of Thickness Gell tThick- Content of U-235,
sem-(parallelepiped ) fuel ele- of ZrH g1, ness, kg -

bly a 8 K ments in M mm

magazine

mm

T 51.5 50.5 34.4 12 12 19.0 7.077+0.113
-0.088

8 50.6 36.2 12 18 25.0 5.703+0.087
~-0.071

5046 12 24 31l.4 5.782+0.100
-0.072

50.6 6 11,0 8.248+0,136

=-0,103
50.6 12 16.8 5¢349+0 .027
7

50.7 24 30.0 6.019+0.075
-0.075

8.6 4.904+0.061
-0.061

4.194+0.052
-0 0052

. e —
Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110009-0 * —




Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110009-0

Ne
assembly 8 11 12 13 14

Red 10.2 9.9 13.7T T0 12,0

Pu 25T 254 508 25T 525
Ps
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Characteristics of assemblies without reflector and
influence of the reflector upon the critical dimensions were
studied in the second series of the experiments. Zirconium
hydride moderator with atomic ratio H = 1,91 Wwas used in
the asgsemblies of parallelepiped Ir form (see Table 3).
The critical dimensions were determined for different con-

centration 5,\: within a range 130 ¢« 500, The critical
mass and height of an assembly are plotted against the
value ?{—iﬂ in Fig, 4. The material parameter depending
on number of fuel elements in tlte layer thickness is

ghown in Fig. 5 for two concentrations: % = 256 and

516. Typical thermal neutron distribution for the layer
thickness of the reactor is shown in Fig. 6., The measure-
ments were fulfilled with the assembly N2 12,

Cadmium ratio Rcd for U~2-2 in the moderator is given
in Table 4, FPig.7 gives a comparison of Be, BeO and
ZrHl.86 reflector effectiveness., The gein factor 1.8 of
critical mass is resulted for Be and BeQ refiector with
thickness 120 + 150 mm in comparison with ZrH reflector,
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Figure Inscriptions

Fig. 1. General view of assembly with zirconium
hydride moderator

Fige 2, Critical mass and critical height of assembly
versus side reflector thickness

6235 critical mass, kg

H - critical height, cm
X - reflector thicknesa

Fige. 3. Thermal neutron distribution and cadmium ratio
in assembly N21

I - core; II -~ reflector
# - relative thermal neutron flux

R ;= cadmium ratio by Imn

cd
x =distance t¢ the edge of assembly, cm

Fig.4. Critical masss and critical height for composition
ZrHl.91-U)23 > (90%)

Solid curves - critical mass; broken curves -
critical height of assembly
G235- critical mass, kg
H - critical height, cm
Pu

C == ~ concentratiom
<

n - number of fuel elements in layer thickness

Fige 5. Material parameter versus n. - number of
fuel elements in layer thickness

2
€ - material parameter, 1
cm

n = number of fuel elements

P

C =5~ - concentration

Ps
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Fig. 6. Thermal neutron distribution in reactor cell.
(Assembly N©12)
I - fuel; II - moderator (irH, g;)

§ - thermal neutron flux, relative units

x - distance from center of cell, mm

Fig. T. Effectivenesas of Be, BeO, ZrH:L 86

Solid curves - measurements with assembly N@14;
Broken curves - assembly N213

§ - Physical gain factor in reactor dimensions, cm.

X - Reflector thicknessa, cm,
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